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ABSTRACT 

A  reGording  water-saturated  porous  aup  tensiometer 
that  operates  in  the  negative  pressure  range  of  a  mercury 
manometer- type  tensiometer  provides  a  continuous  record 
of  soil  moisture  tension  for  periods  up  to  31  days.  This 
instrument  detects  small  moisture  changes  and  diurnal 
fluctuations ;  it  has  also  shown  rapid  response  to  in- 
creasing soil  moisture  during  rainfall.    Parts  and  mate- 
rials for  construction  cost  less  than  $150. 
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INTRODUCTION 


Some  remote  instrumented  sites 
in  Alaska  require  recording  gages 
capable  of  reliable  performance  for 
extended  periods  of  time.  "Weather 
conditi  ons,  absence  of  electric 


power,   and  transportation  problems 
have  led  to  the  development  of  a 
variety  of  new  instruments  and 
modification  of  commercial  instru- 
ments to  fit  our  needs.    One  of 
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these,  the  recording  soil  moisture 
tensiometer  (fig.   1),  built  in  our 
laboratory,  has  shown  trouble-free 
performance  in  a  variety  of  field 
conditions . 


Figure  1. —  The    recording   soil  moisture 
tensiometer. 


The  operating  principle  of  the 
recorder  is  simple:    The  desorp- 
tion  of  a  wate r- saturated  porous 
cup  causes  a  negative  pressure 
within  a  closed  system;  this  pres- 
sure can  be  detected  with  a  mer- 
cury manometer  and  measured  on 
a  graduated  scale  (Richards  1949) 
Volume  change  in  the  manometer 
storage  cup  is  recorded,  through 
a  float- and-lever  system,   as  an 
ink  line  trace  on  a  chart.  A 


graduated  scale  is  provided  for 
direct  reading  of  soil  tension  and 
chart  calibration. 


DESCRIPTION 

The  simple-design  recorder 
can  be  built  with  readily  available 
materials  in  a  shop  equipped  with 
wood  and  metal  working  equipment 
by  anyone  familiar  with  these  tools. 
It  is  composed  of  four  basic  sys- 
tems:   (1)  the  porous  cup  and  re- 
lated tubing;  (2)  the  manometer, 
scale,  and  mercury  storage  cup; 
(3)  the  float- and- lever  system  and 
pen;  and  (4)  the  chart  drum  and 
drive.     These  systems  are  mounted 
on  a  plywood  and  plastic  base. 

The  porous  cup  (fig.   2)  is 
placed  in  the  soil  at  the  desired 
depth,   and  the  transfer  of  water 
through  the  cup  changes  the  water 
volume  in  the  manometer  system. 
Two  small  nylon  tubes  extend  to 
the  soil  surface  and  connect  the 
porous  cup  to  a  flushing  tube  and 
the  recorder.     The  connecting 
tubing  is  cut  to  lengths  suitable  to 
the  particular  installation.  The 
flushing  tube  is  used  primarily  to 
fill  the  porous  cup  and  bala,nce  the 
manometer  system.     The  recorder 
tube  is  sealed  to  the  top  of  the 
glass  manometer  at  the  recorder. 

The  manometer  system  con- 
sists of  a  short  length  of  3/4-inch 
inside  diameter  plastic  tubing  with 
a  plastic  cap  cemented  on  the  bot- 
tom for  the  storage  cup,  5/l6-inch 
Nalgene  tubing  and  connecting 
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Figure  2, — A  porous  cup  tensiometer  for  use  with  both  re- 
cording and  nonrecording  gages.  The  nylon  tubing  is  cut  to 
the  length  necessary  for  each  installation,  and  the  tubing 
connections  on  the  porous  cup  are  sealed  with  contact 
cement. 


fittings,  and  8-mm.  glass  tubing 
for  the  manometer  tube  (fig.  3). 
The  storage  cup  is  cemented  in  a 
hole  through  the  base  at  a  depth  to 
allow  full  swing  of  the  float- and- 
lever  system,  and  a  Nalgene  fitting 
is  threaded  into  a  shallow- cut  1/4- 
inch  Female  National  Pipe  thread 
in  the  bottom  cap.    The  shallow 
pipe  thread  is  necessary  so  the 
Nalgene  fitting  does  not  protrude 
through  the  cap  and  limit  the  action 
of  the  float.    These  tubing  and  fit- 
ting sizes  give  the  proper  volume 
relationship  between  the  mercury 
storage  cup  and  glass  manometer 
tube  for  a  full  chart-width  trace, 
thus  producing  maximum  sensitiv- 
ity.   Plastic  tubing  and  fittings 
avoid  possible  problems  caused  by 
the  ability  of  mercury  to  amalga- 
mate with  most  metals.  Nalgene 
also  forms  a  leak-proof  seal  to 


Figure  3.— Front  view  of  recording  soil 
moisture  tensiometer  showing  glass 
manometer  tube  and  scale. 
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the  8-mm.   glass  tube  without 
breaking  it.     The  scale  behind  the 
manometer  tube  is  for  direct 
reading  of  soil  moisture  tension. 
In  this  example  it  is  760  mm.  long, 
divided  into  100  parts  (Richards 
1942). 

The  float- and-lever  system 
provides  the  mechanical  link  nec- 
essary to  operate  the  pen  arm 
(figs.  4,   5).    It  is  positioned  on 
the  base  for  proper  leverage,  easy 
adjustment,   and  elimination  of  any 
lash  in  the  system.     The  float  is 
machined  from  Teflon  to  fit  inside 
the  storage  cup,  with  a  hole  drilled 
through  the  center  and  threaded 
for  fastening  and  adjustment  on  the 
float  rod.    Lever  system  parts  are 
machined  from  brass  rod  and  brass 
stock,   and  the  pen  arm  and  point 
are  standard  recording  rain  gage 
parts.    The  location  of  the  axle 
shaft  center  line  of  the  lever  sys- 
tem is  controlled  by  the  length  of 
the  pen  arm.    Careful  placement 
provides  a  proper  chart  trace. 

The  chart  drum  and  drive  are 
a  commercial  unit  that  is  available 
with  a  variety  of  rotation  speeds 
from  one  per  day  to  one  per  31 
days.     The  battery-powered  drive 
has  proven  accurate  and  reliable. 
No  chart  is  available  with  the 
proper  horizontal  or  tension  lines 
for  this  recorder,  but  the  curved 
vertical  time  lines  are  used  on  any 
chart  that  matches  the  drum  rota- 
tion.   The  chart  is  calibrated  by 
direct  reading  of  the  manometer 
scale  with  this  reading  noted  on 
the  chart.     Charts  are  calibrated 


separately  for  each  recorder  and 
site  location. 

The  recorder  base  is  made 
from  1/2-inch  exterior  plywood 
and  1/4-inch  clear  plastic.  Care- 
ful construction  of  the  base  is 
important  to  provide  a  rigid  and 
level  platform  for  the  clock- and- 
lever  system.    A  cover  to  protect 
the  vital  parts  of  the  recorder  is 
made  from  3/1  6-inch  clear  plas- 
tic, which  also  allows  visual  ob- 
servation of  the  recorder  with  a 
minimum  of  disturbance.  The 
clock-drive  battery  is  mounted 
inside  the  base.    A  three-point 
leveling  screw  system  and  a  bubble 
level  mounted  on  the  base  have 
facilitated  rapid  setup  of  the  re- 
corder in  field  installations. 


OPERA  TION 

The  porous  cup  is  placed  in 
the  soil.     The  recorder  is  placed 
nearby,  leveled,   and  mercury 
added  to  the  storage  cup  to  a  point 
where  the  pen  is  about  1-1/2 
inches  from  the  top  of  the  chart. 
At  this  time  the  manometer  sys- 
tem is  checked  for  any  mercury 
leakage.    Deaerated  water,  added 
at  the  top  of  the  8-mm.  glass  tube 
until  the  tube  is  full,  displaces 
some  of  the  mercury  and  brings 
the  pen  near  the  top  of  the  chart. 
Both  the  pen  and  the  manometer 
scale  can  now  be  zeroed  by  adding 
or  removing  mercury,  turning 
the  plastic  float  on  its  threaded 
shaft,  and  adjusting  the  scale  on 
its  support.     The  porous  cup  is 
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Figure  4.— Construction  plans  for  recording  soil  moisture  tensiometer  (front  view). 
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Figure  5.— Construction  plans  for  recording  soil  moisture  tensiometer  (top  view). 


6 


then  filled  by  flushing  deaerated 
water  into  the  short  "flushing  tube,  " 
through  the  cup,  and  out  the  re- 
corder tube  in  sufficient  quantities 
to  remove  entrapped  air.  Flushing 
is  best  done  with  a  squeeze-type 
plastic  bottle  placed  in  the  end  of 
the  flushing  tube.    Then  the  stopper 
in  the  flushing  tube  is  replaced, 
and  the  recorder  tube  is  fitted  into 
the  top  of  the  8 -mm.  manometer 
tube  through  a  microstopper .  The 
recorder  is  then  ready  for  field 
operation.    Sealing  the  micro- 
stopper  into  the  manometer  tube 
will  cause  a  slight  increase  in  pres- 
sure, but  water  soon  passes  through 
the  porous  cup  and  will  reach  equi- 
librium with  the  surrounding  soil. 

As  moisture  tension  changes 
within  the  soil,  the  water  volume 
(and  thus  the  mercury  location  with- 
in the  manometer  system)  changes 
accordingly  and  adjusts  the  mer- 
cury level  in  the  connected  storage 
tube  where  a  self-lubricating  plas- 
tic float  actuates  the  pen  arm  of 
the  recorder. 

Zero  tension  is  indicated  at  the 
top  of  the  chart  when  the  mercury 
storage  cup  contains  the  most  mer- 
cury.   Negative  pressures  cause 
the  pen  to  fall  as  the  mercury  is 
drawn  up  into  the  manometer  tube. 


RESULTS 

Several  of  these  recorders  have 
been  operated  in  southeast  Alaska 
and  one  near  Fairbanks,  Alaska, 
during  the  past  few  seasons.  These 


have  provided  a  continuous  record 
of  moisture  tension  through  most 
of  the  growing  season,  giving  de- 
tailed information  about  rate  of 
penetration  and  extraction  of  water 
from  the  soil.    A  sample  of  changes 
in  soil  moisture  potential,  as  re- 
corded by  this  instrument,  is 
shown  in  figure  6.    Both  rainfall 
and  tensiometer  variations  were 
recorded  over  a  7-day  period  at 
this  forested  site.    Early  in  the 
week,   soil  tension  increased  at  a 
slow  but  steady  rate  in  response 
to  soil  drainage.    An  abrupt  de- 
crease in  tension  occurred  about 
midweek  in  response  to  increasing 
rainfall  as  the  wetted  horizon 
passed  the  porous  cup.    The  inter- 
val for  the  peak  of  the  tension  de- 
crease was  about  6  hours  after 
the  beginning  of  the  rain  shower. 
The  soil  reached  a  nearly  satu- 
rated condition  and  then,  as  pre- 
cipitation decreased,  tension  in- 
creased again. 

The  main  values  of  this  type  of 
tensiometer  recorder  are  that  the 
device  is  simple  in  design  and 
construction  (Bianchi  and  Tovey 
1968),  and  the  continuous  tension 
record  is  detailed  enough  to  detect 
changes  as  small  as  0.  00  5  atmo- 
sphere when  a  good  pen  is  used  on 
the  pen  arm  (Remson  and  Randolph 
1958).    The  effective  range  of  the 
recorder  is  the  same  as  any  porous 
cup  tensiometer,  with  failure  at 
about  0.  75  atmospheres  when  air 
enters  the  system  through  the 
porous  cup. 
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RECORDING  SOIL  MOISTURE  TENSIOMETER 
PARTS  LISTI/ 


Approximate  cost 

Model  301 -D  Drum  Chart  Drive  $85.00 
and  Model  95  Belfort  Pen  4.  0-0 

Kingmann-White  Inc. 
653  S.  Melrose  Street 
Placentia,  Calif.  92670 


Pen  Arm  Ass'y.  ,  Part  #992, 

complete  w/pivot  clamp  and  set 

screw,  Belfort  cat.  #5-780  4.00 
Belfort  Instrument  Co. 
2  N.  Central  Avenue 
Baltimore,  Maryland  21202 

Nalgene  Fittings 
2  ea.  #9569  Elbow    5/16  tube  to 

1/4"  M.  P.  T. 
1  ea.  #9566  Female  Coupling 

5/16  tube  to  1  /4"  F.  P.  T. 
#8020  Nalgene  Tubing  (about  2") 
Nalgene  Company 
75  Panorama  Creek  Drive 
Rochester,  N.  Y.  14625 


1.  00 

1.  00 
.  50 


Plexiglas 

1  Base  1/4"  by  5-5/8"  x  11" 

1  tube  3/4"  ID  3-3/4"  long 

Cover 

2  side  3/16"  by  7-5/16"  x  11" 

2  end  3/16"  by  5-1/4"  x  7-5/16" 
1  top  3/16"  by  5-5/8"  x  11" 

1  Scale  &  Spacer  3/16  by  3/4"  by  36' 


From  local  suppliers 
Prices  from  $1  to 
$2/sq.  ft. 


Also  assorted  plywood,  bolts,  screws, 

brass  rod,  fuse  clip,  aluminum  angle, 

8mm.  glass  tubing,  paint,  1#  mercury  25.  00 
 T7  

—   Mention  of  iproduot  or  company  does  not  imply  endorsement  by  the 
U.S.  Department  of  Agriautture  to  the  exclusion  of  other  products. 
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Teflon  Rod  #9Z200CF,   1  inch  dia. 
Allied  Electronics 
100  N.  Western  Ave. 
Chicago,  111.  60680 

Circular  Level,   7/8",  #2-6000 
Geier  &:  Blunm,  Inc. 
594  River  Street 
Troy,  New  York  12180 

Nylon  Tubing 

Commercial  Plastics  &  Supply  Corp 

630  Broadway 

New  York  12,  N.  Y.  10007 

Round  Bottom  Cups  #2131 

Soil  Moisture  Equip.  Co. 
3005  De  La  Vina  Street 
Santa  Barbara,  Calif.  93105 

Rubber  Tubing,  Oarlock,  Black  &;  Glass 
Tubing  &  Pliobond  #56421 
Scientific  Supplies  Co. 
600  Spokane  Street 
Seattle,  Wash.  98134 

Stoppers 

Arthur  H,  Thomas  Co. 
Box  779 

Philadelphia,  Pa.     1910  5 


Approximate  cost 
$6.  55/ft. 

2.  00 


Total  supplies  about 
$2  per  unit 
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